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81. Introduction

In Ref.{1] , on the basis of earlier sug ggested [2, 3] multi-
parton recombination model (¥RE), there have been satisfactori-
1y described the experimental data on inclusive spectra of ba-
ryon and meson resonances in the fragmentation ;0"10n of proton
in its interactions with high-energy hadrons ( 2 30 GeV/e).

In ERA the shape of inclusive specira {over the Feynmen variable
X )} in the direct fragumentation of proton inte hadron resonan=-
ces is fuily determined: a) by distribution functions of par-
tons (valén"e and ses ones) in proton taken from experinents
on deep inelastic lepton—nucleon acatuerln"- b) by distribution
funetiong of valons (constituent quarks) in the final hadron:
¢) by fhe probability W of a sea parton of Incident proton
being included in the sea of the final hadron. In Refs.[2,2]
it has been shown that ¥ is determined by the number of valence
Iquarks Nv comnion for the incident proton and finel hadron: &t
JV=3EJ~1, at ¥ ~2 W~2/3, at Nv=1 0Li<1/3, at Nv=0 W~0,
As mentiened in Ref,[1], the details in the valon distribution
in the final hadron do not strongly effect the shape of the
inclusive sp trmni that is why these distributions are given
(see also Refs.[4-6]) in aﬁalogy with velon distribution func-

tions of proton (for baryon rescnaences), of pion (for nonstran-



ge meson resonances) and of kaon (for strange meson resonances).

We have much poorer information on the parton distribution
functions in pion and kaon than in nucieon. We have data (ob-
tained in the experiments on Drell-Yan pair production) only
on the distribution of valence quarks (antiquarks) in pion,
and of nonstrange valence quarks (antiquerks) in kaon; to get
information on tﬁe digtribution of sea partons’ (quarks, anti-
quarks, gluons) by investigating tard processes in pion and
kaon beams seems to be.a problem not pfactically feasible.,

Thet is why attempts are made [7,8] to get such information by
using quark-pariton models to describe hadron processes with
smell trensverse momenta.

The aim of the present work is to apply the MR to frag-
mentetion processes of i - and K-mesons into hadron resonan-
ces and extract the parameters of parton distribution functions
for pion and kaon from the comparison with the experiment.
Consideration of production procesées of the very hadron reso-
nences sStems from the fact that their inclusive spectra reflect
more directly the structursl peculiarities of the particle
fragmented, than do the inclusive spectra of stzble particles
involving quite a contribution from decays of resonances. In
§2, on the basis of the Kuti-Weisskopf model [9] and using date
on Drell-Yan pair pro'uction [10] in pion end kamon beams the
valence part of st. icture functions of i -~ and K-mesons is
fixed, and thelr two-valon distribution functions are deter-

in

]

mined. In §3 the parameters of distribution of sea parton
pion and keon are esitimated by comparing the MEM prsdictiens

with the eveilabls experimental date on produstion of msscn



and baryon resonances .. wuv. sragmentation region of incident
pion (kaon); satisfactory agreement of celculations with the
experiment being provided.

§2. Distribution of Partons and Valons in

Ml — and K-Mesons

We shall use the multiparton distridbution funcclon proposed
in the Kuti-Welisskopf model 9 to describe distributions of
valence quarks and ses partons in meson M(q1,q2) (q1,1-1,2 -

- quark or antiquark). According to this model  the distribu~

tion densities for valence q(x) and sea a (x) partons have
the form:
q‘(x)=x°"p9'(1-x)-”}"z+;” B-i(ﬁ%, P9+ ¥m) T (1a)
%z(x’) = x'”‘P‘h (i-x)’1+9$1*¥MB-1 (?%, ,F'iv'+ XM) (1b)
Qg(x) = gax"“-x)'“.ﬁp*.@gz*& (1¢)

where & = u,u,d,d,5,8,G is the sea parton kind (sort) (contri-
butions of heavier sea quarks‘are not considered),. XM= %:9"' '
B(x,y) is Euler's beta function. Parameters ‘Pq’ s character~
izing the behaviour of structure functions at x—-0, are equal
[11,12] for the velence quarks of pion and for the nonstrange

. valence qqirk of kaon- p:tw = P:(d) = 0,5, and for the strange
one - ps = 1, Parg:neters ¥y cen be estimated from the
datse on the Drell-Yan lepton pair production in pion and kaon
beams [10] : Yy = 1.6 end Y= 272 M- Y~

5



sions (1) for pion will read:

cﬁ(d)(x) =0,77x7%% (1-x)"* (2a)

o (x) = g3 x"'u -x)*® (2b)
for keon

§ ) = 081" (1-%)" (3)

Qg (X) = 1,8 (1-x)*° D)

ds(x) = gy X~ (1-x)he (3¢)

It follows from (2) and (3) (see also Refs. g1, 12] ) that the
valence quarks in pion carry on an average x“(¢)= _p ) /( u*ﬂt’&)‘
= 0.19, sea partons - 0.62 of the pion longitudinal momentum;
in kaon the nonstrange and strange quarks carry on an average
_’E:a) "‘9:(4)/(.!3:@) + P *t¥x) = 0.18 end ’7:"'9:/(9:(4) * Pt
+¥¢) = 0.36, respectively, sea partons - 0.46 of the kaon
longitudinal momentum. The unknown in 2qs,.(2b) and (3c) para-
meters gf ( 9;) , characterizing the mean portions of’ momen=
ta cerried by sea partons of the given kind (a = u,ﬁ,d,a,s,s,
G) in pion (kaon), will be estimated in the following paragraph
- by éomparison of MRHM predictions with the experimental data on
inclusive cross sections of production of hadron resonances.
The Kuti-ﬂe%sskopf model allows to calculate elso the
x~distribution of any multiparton subsystem as a whole [2,3] .
A particular case of such a subsystem in meson is valon which
contains one of the valence guarks and on an average W = 1/2

pert of ses partons of meson (the probability of the given sea

G



parton to belong to valon is W = 1/2). Valon distribution
densities, calculated in analogy with Refs. {1-3], in meson

have the form:

-1+9$1+ Ym/2 '“.@«;z*XMIZ

Q,(x) = X (1-%) B (g, Hof2 Byt ff2)  (4a)

a, (x)%x‘i'ﬁp%"'xl”l/a(1__)()'1*9%*8'4/25’1(9?2-*- YM/2 gt Ywi2) (4v)

Qi(i = 1,2) designates a valon which contains a5 valence
quarlk . If the mean momenta carried by “valons in plon are eqixa]
to 0.5, then in kaon the nonstrange valon will carry on an ave-
rage i.:(mz(P:(d)*'5«/2)/(.@:@)*?: +¥x) = 0.41, and the strange
valon - §;=(p:+xx/a)/(ja:(d) +33;+ XK) = 0,59 of
the longitudinal momentum of keon. The ratio ;(—:/;(_:(D) =1.4
is close to that used in the additive quark model [13] and can
be interpreted [4-6, 11-13] as a result of difference in mas-
seg of strange and nonstrange valons.

Distributions of valence guark-partons and valons for pion
and kson ars shown in Fig.3., The valon distributions obtained
in this paper considerably differ from the analogous distribu-
tions in the additive quark model [13] (also showm in Fig.3)
and practically ccincide with those obtained frem mesong form-

factor analysis [5,6].

43. Compariscn with the Experiment

‘*‘;l-—*
w

In iRK the invariant inclusive cross sections f{X)=
= d®S 2 . , . o
{ ——— &P, of production of direct hadrons "~ h in the
v Pmax dix dpg
¥

fragmentation region of incident meson i1 have the following

ferm [1] :

-1



fnﬂl

G‘ueea’t f(X) NZO gFVc V“ (Xh XN,.', W1 2 ...,Wm.) x

(5)

)r':!dx_;

Ry (2 ) (4= 32

J=1

Summation in (5) over N, méans that to the inclusive spectrum
of hadron h contribute processes where from incident meson
into h hadron pass from Iiv = 0 to Nv = Nz;zax valence
quarks, where N_°* is the maximum possible number of valence
quarks common for incident meson and final hadron.

The funciion Fv‘--vu,,(‘xh""x”h'! Wi, ..y Wy, ) characterizes the
statistical weight of the meson multiparton substate, which
has the same quark composition ( V',,..., VN, ) end longitudinal
momentus x as the hadron h (Nh-- 2 if h is a meson, N, =
=34if h *is an (anti-)ba.rion), and which cortains on an ave-
rage W= E\N‘ part of sea partons of meson. A hypothesis is
used in MRM, according to which the recombination of multipar-
ton substate into final hadron is preceded by formation of
constituent object-valons Vi, ..., Vy, which correspondingly
carry portions of x./x, ey XN, /x longitudinal momentum
of this substate [1]. Parameters Wj,..., Wy, determine the
probabilities with which the substate parton sea iz distributed
between Vj, ..., Wy, valons. The function Fy, ... vy,

(Xg,e-y Xn,, 3 Wh, -+, Wh,) is expressed {1] in terms of parame-
. ters of parton distribution functions in meson (1). In Refs.[2,
3] is shown, that in diffraction~type process (e.g. pwp,

~ fit |zt eyt etc), when ell valence quarks of inci-

dent hadron must be included in the multiparton substate (i.e.




p°F = Ly = 2), then i =1,

T

in case of an incident meson L h
that is to say, practicelly the whole sea passes to the final
hadron, end in this case W= ...=Wy. = W/N.,. In case of I =0,
l.ce. none of valence querks is included in the mulitiparion
state, and in the fingl hadron occur Nh sea quarks (antiquarks)
of incident hedron, then W & 0 (Wy=..=Wy, = 0). In case of
N =-1,‘ % can be ﬁther than zero; it being assumed [1], that
31 = . for valon containing a valence quark of incident hadron
and ﬁj = 0 {(j # 1) for other valons which do not contain o
valence gquark of incident hadron; the value of W will be lcter
determined from the comparison of (5) with the experiment.
3xpressions of functions FV1"‘VN,,(X’7"') Xnn 3 Wiy o0y Wiy )
processes 5T,K — h considered in thic paper, are presen-
ted in the appendix. i

The so-called recombination funetions in the 1g.(5) are
expressed [1-6] in terms of two-{three-)valon distribution

functions of meson (baryon) h :
N, _
Rh(z1;"'>ZNh)=-ﬂh(g7—j)Gh(z1,---;ZN,,) S

O: pressions for Gh are given in the Appendix Soo. Jcellicienis
Ah in 2q.(6) characterize the relative probabilities of recom- '
bination of multipsrton state into hadrons from Gifferent nulti-
plets. In cese of proton fragmentation inio vector mesons from
the‘ lowest nonet ( g > 1(890), the coefficient y @Ppeared
to be close to unity: A = 1 1. ‘v-‘urther, vie shell fix this
ralue also for processes § , L—i1" G = 9 , 1(890), ¥y ),
and the degree of sup_pre'ssion of meson production Irom the

higher multiplets (in particular, of teasor meson x{143C)) &nd

c



cf buryon resonance pruauciion \in particuler, from the lowest
decuplet of baryons (antibaryons) A (1232), Z (1385),

= (i1285) ) will be determined from comparison with the expe-
riment. Below are given the obtained from the Eq.(5) general
analyticel expressions for non-dii’fractioﬁ (Nv< 1) meson frag-
mentation into meson and baryon resonances. In case of fragmen-
tation of meson I-.'I(q1 ,qa) into meson resonance m*(q.l,a.). conta-

ining the valence quark qq of incident meson (1\1’v = 1)

L ' [
.__"f___._f Y (X)= X ¥

G inelast mem*

:wgn 'H"P‘;a'l'“‘W)XM .

(1-x)
(7a)

B(?‘h"' Wiu *dq,ﬂ ,ydat 1)
B(P‘h‘rWUM’,P‘}zi’("-W)XM)B(dq""",dcg*") ’

In case of fragmentation of meson I‘-J(q.‘,qg) into meson re-

* » >
gonance M (a,b) which does not contain a valence quark of inci-
dent meson (Nv ‘= 0):

=0 ) -t
= gﬂv (x)=9,3s(1-%) 184, Pos" ¥

G inefast <M=m* (7v)

*
In case of fragmentation into a (anti-)baryon resonance B (q1,

2,b) containing a valence (anti-)quark of incident meson q

(7. = 1):

,
2 ' -1+ Pq , H1-W)Y
=8 M =g, gpxfet Y gy T "
Q'inefast “‘M-*
B{(fq t Wiy totg, t1,0lat 1, clg+1) (88)

B(8g + Wim) gt (1-W)f)BElg ¥ 1yota* iatg* 1)

whows B(x,q,z)=r(x)r(g);’"(,s.)/,.‘"'f"{_x+g+£), FiX) i fuler's



gamma function. In case of fragmentation inte (anti-)baryon
resonance B*(a.b.c) which does not contain valence {anti-)quark

of incident meson:

—_ Ny=0 ~ttPe, Pgat¥nm
Gafeﬁast fnt—e*(x)’g‘*g‘g*‘“‘x) e (8p)

In Figge.4-9 the obtained by means of Eqs.(7) and (8) inclusive
spectra are compared with the expérimsntal data on meson reso-
nances @° , ¥ , K(890), K(1430) and baryon (entibaryon) reso-
nances A (1232), ¥ (1385), S (1385) production at energies
more than 30 GeV,‘involving quite a wide range over x in the
fragmentation region of incident keon (pion). Satisfactory
agreement wifh the data on fragmentation into vector mesons
(ﬁ&th the highest statistics, Figs.4,5,7) is achieved at W =

= 0.2 + 0e1 o I meens, that in subprocegses with Nv = 1 the
valence gquark, passing from an incident meson to a final one,
partially looses its "cloud" of sea partons. ﬁote, that in 3q=.
(7) and (8) the use of the value of W = O (i.e. the valence
quark entirely looses its "cloud", as proposed in recombinatior
models developed earlier [27-28] ) or ¥ = 0.5 (the valence
quark hes its whole "cloud" around it, as suggested in the ad-
ditive quark model {[13] ) leads to disagreement of KR! predic-
tions with the set of experimental date caown in Figs.4-9.

The values of parameters g§ » at which the curves (on
keon fragmentation) shown in Figs.4-10 are calculated, are
presented in the Teble.

The suppression factor A o0f kaon sirange sea with res-
pect to the nonstrange one (in MRM Ay is determined, in

particular, by relations between inclusive cross sections of

"



processes K —»= ¢ and K-=K(890) at large x ) -is obtained
to"be Ax= 23:/(3:1» g:) = 0,24 . Comparison with fhe experiment
for the process .’J'E—"-p° - 4 2nd also predictions for inclusive
spectre of -'J'i""'.Pi sre shown in Figs,.4a,10 at the velue of
parameter gf for nonstrange sea gﬁ = gg = 0,31 (see . the
Table). The parameter 8;‘ and, consequently, the suppression
factor -J\g: can not be determined at present becsuse of
the lack of data (at high energies) on fragmentation of pion
into mesons containing a strange jusrk, Note, that the change
of the parameters given in the Tible by less than 20-255: does
nod conside:rably deteriorate the agreement between the calcu-
lations and 'the experiment,

Comparison of theoretical spectra. of the brocess ¥ XK(1430)
{(at parameters. g; - given in the Table) with the experiment
has shown that 4 = AK(1430) = 1/2 (Pig.6) which characterizes
the degree of suppression of tensor meson production with res-
pect to the vector ones. In the spectrum of K(890), besides the
direct production, contribution of ' K{1430) ~ K(890)X decays
is teken into account; unessential contribution of K(1430)—>

— L(B90)N I deceys is ignored. In calculations is also
ignored the possible minor contribution ['20,22] of decay of
the highest resonances produced at diffraction excitations of
iﬁcident meson.

The Lg.(8) &t parameters (, , given in the Table, well
usive spectrum of anti-
Laryon resonences ( = {1285}, PMg.8), and cgrédement with the
volae of inclusive cross section is achieved at the proportio-

i b
o

- I ORI .y 4o oman b e .
= /4 which ebavacterlizes the




suppression of meson fragmentation into barfon-antibaryon pair
with respect to meson fragmentation into mesons of vector mul-
tiplet. In FPigs.8,9 celculations are compared with the experi-
ment on baryon resonances S £(1385), A1*(1232) at a given
Ag. &t large x the experiéental data in all agree with the
theoretical curve, while in the region of x<0.4 there is
observed a noticeable excess of experiment over celculation
which is due to.contribution of the high-energy part of the
recoil baryon spectrum in the meson-proton interaction.

Thus, the MRM in all satisfactorily describes the experi-
mental data on meson fragmentation into hadron resonances.

The further storage and checking of experimental data on
production of hadron resonances and simultaneous analysis in
the MRM framework of inclusive spectra of stablg hadrons and
hadron resonsnces in the fragmentation regiom of #— and
K-mesons will allow to estimate more accurately parameters of

parton distributions of these mesons.
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Appendix

Punctions Fy,. .y, (X1,5Xy,; Wi,..,Wy,) and Gh(E1yeees ENy)
in BEqs.(5) and (6) for inclusive cross sections of different
fragmentation processes of M(q1,q2) -~ h have the following
form:

A) Meson M(q‘1,q2) —= meson processes: X = X,+X,

1. N, =1, on valence q, quark (entiquark), Vi =W=0,2, W =0

. By HUW)g 1B WM -1
Fala(xl,xz;W,O);ga(f~x) 92 X, £q, ”

(App.1a;
x B (R4, Wim , B, + (1-W) B
2. N, =0, =¥, =0
. . ) . -
Fog (X1, %2 0,0)= §age (1) 1104,* g YM(X‘ X2) 1 (App. 1"

The two-valon distribution in meson M*(aﬁa') (where 2,b = u,d,a)

has the form (see 3a-, 3b ):

. da od¢ o1
Gu» (Zy,22)= 2, Z3° B (at 1, gt 1) (4ipp.2)

'rhe‘re olg = -it¥m/2 * B ¥Ym=1,6

B) lMeson M(q‘l ,q2) - (anti-)baryon processes: X = Xq+Rp+Ay
1. Nv = 1, on valence q, quérk (antiquark), ":I‘l =V =0,2,

‘.'13 =0

Fa.ae (X1, X2,%3; W,0,0)= 9a9e(1-%)

-

W

2
146, +{1-W) -1+B3q tWY, -
Jaq,_ xMxi P M(xzxa) i x
- . . i {ipp.3a)

x BT (Pq, v Wim, o, t (1-W)Ym) ,

14



2. HV = Q, W.’ = W, = 'Y\‘B = 0

-1
M(K1Xz><3) (App.3b)

-1t +J§ +¥
Faac (X1, %,4530,0,0)= gaggge %) 7 * 1

The three-valon distribution in baryon B*(a,b,c) has the

following form (z1 + By + 2y = 1):

G’e* {Z1,22,23)= 530:cl Z:g zjc B—i (Aat1,9%p *+{,0c+ 1) (ipp.4)
#here olg=~1+Yp/3* By, ¥ = 3,51 3,54, f,4)=05, f =1 (1]
B(x,g,2)=rax)r(g)r(z>/r‘{x+g+z) whers [(x) is
Buler's gamma function.
AN
Table
M Fuew = Gata) o3 ds £ % 4a
® 0.25% 0.06 0.18 1.3
@ 0.3 0.31 475 0.36-0.62 Mg 1.5
.

15



(YN I W I & |

1!

£ P rreyy
L.a Lithil

-2 ! L 1 TR} SR S N 1
0" 3 5 7 9 x

Pig.1 Distribution function of valence quark in Sl -meson
determined by Mm*u~ - peir production in  fp - inter-
hcéions: e - NA3, 200 GeV/c; o -~ CIP, 225 GeV/c; " A -
-GOLIATH, 175 GeV/c [10]. The curve is calculated by the

" formula (2a).

[ g L . 3 L) | ] 1 ) 1

1'0 =

05|

1 (1 [} vl 1 L

i 1
K| 3 5 7 -9 x
Fig.2 The ratio of distribution functions of the nonstrange

valence quark of kaon and valence quark of pion [10]. The

curve is calculated by the formulae {2a) and (3a).

-
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1

Fig.3 Distribution of valence quarks xq(x) and valons Q(x) in

G (a) and K( B ) mesons.
a) Curve 1 - the valence quark of  §l -meson, curve 2 -
- the valon in Ol — meson (coincides with the distribu-
tion determined in Refs.[5,6]), curve 3 - the distribution
of conciituent quark (valon) in the additive quark model
[13].
b) "rve 1(4) - nonstrange (strange) valence quark in
K-meson; curve 2(5) - nonstrange (strange) velon in K-me-
gon; curve 3(6) - ﬁonstrange‘(strange) constituent quark

in the additive guark model [13] .
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Fig.6 Inclusive spectra of K(1430) mesons in the fragmentation

region of kaon.

a) K* B k*(1430); e - 32 GeV/c [20]; k"B K~(1430)
o - 32 GeV/e [21]: dashed curvs - N, = 1 (fragmenta-

tion on the strange quark of K-meson), dash-and-dot curve

- Nv = 1 (fragmentation on the nonstrange quark of K-

meson), desh-dot-dot curve - N, = O. The solid curve is

the total spectrum.

b) K* 2, k%(1430); e - 32 GeV/c [20]; K~ —L X°(1430):
o - 32 GeV/c [21]. Dashed curve - N, = 1 (on stranpe

quark), dash-and-dot curve - N, = O. The solid curve is

the total spectrum.
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